Phosphorylation of the amino-terminal head domain of the middle molecular mass 145-kDa subunit of neurofilaments. Evidence for regulation by second messenger-dependent protein kinases.
To begin to understand the regulation and roles of neurofilament phosphorylation, we localized the phosphorylated domains on the 140-145-kDa neurofilament subunit (NF-M) and identified the protein kinases that may specifically phosphorylate the sites within these domains in vivo. Mouse retinal ganglion cells were labeled in vivo by injecting mice intravitreally with [32P]orthophosphate, and neurofilament-enriched fractions were obtained from the optic axons. Two-dimensional phosphopeptide map analysis of NF-M after digestion with alpha-chymotrypsin and trypsin revealed seven major (M8-M14) and at least eight minor (M1-M7 and M15) phosphopeptides. Two-dimensional phosphopeptide map analyses of NF-M phosphorylated in vitro by individual purified or endogenous axonal cytoskeleton-associated protein kinases showed that five peptides (M9-M13) were substrates for the heparin-sensitive second messenger-independent protein kinase(s). Protein kinase A and/or protein kinase C phosphorylated eight other peptides (M1-M8). Two alpha-chymotryptic peptides (C1 and C2) that were phosphorylated by protein kinase A but not by the endogenous independent kinase(s) were isolated by high performance liquid chromatography on a reverse-phase C8 column. Partial sequence analysis of peptides C1 (S R V S G P S ...) and C2 (S R G S P S T V S ...) showed that the peptides were localized on the head domain of NF-M at 25 and 41 residues from the amino terminus, respectively. Tryptic digest of peptide C1 (less than 12 kDa) generated the phosphopeptides M1-M6. Peptide C2 was a breakdown product of peptide C1. Since the polypeptide sites targeted by second messenger-independent kinase(s) associated with neurofilaments are localized on the carboxyl-terminal domain, separate aspects of NF-M function appear to be regulated by separate kinase systems that selectively phosphorylate head or tail domains of the polypeptide.